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INTRODUCTION
Pelliciera Planch.	&	Triana	(Triana	&	Planchon	1862)	is	an	un-
usual and poorly known tree genus represented until now by one 
species P. rhizophorae	Planch.	&	Triana.	This	evergreen	taxon	
is restricted to mangrove forests in Central and South America 
in	the	Atlantic-East	Pacific	region.	These	plants	occur	on	both	
Pacific	and	Atlantic	 coasts	of	 the	Central	American	 Isthmus	 
and	 range	south	 to	northern	South	America.	On	 the	Pacific	
coast,	they	extend	from	Costa	Rica	and	Panama,	to	western	
Colombia	and	Ecuador.	On	the	Atlantic	coast,	they	are	found	








The	 unique	morphological	 and	 anatomical	 features	 of	 this	
plant	 have	 seen	 it	 categorized	as	 its	 own	 family,	Pelliciera­
ceae (Planch.	&	Triana)	Beauvis.,	 or	 as	a	distinct	 tribe,	 the	
Pelliciereae	Planch.	&	Triana	within	the	Theaceae, and more 
recently within the Tetrameristaceae	(Stevenson	2004,	Culham	
2007).	Pelliciera	has	affinities	with	other	groups	also,	including	
Ternstroemiaceae	Mirb.	ex	DC.	and	the	Marcgraviaceae	Bercht.	
&	 J.Presl.	The	Tetrameristaceae	 are	 classified	 in	 the	Order	
Ericales.	Members	of	the	family	are	characterized	by	flowers	
with	five	stamens,	a	single	ovule per locule, and glands on the 
inner	surfaces	of	the	sepals.	The	family	consists	of	five	species	
of trees and shrubs in three genera, Pentamerista Maguire in 
the	Guyanas,	Tetramerista	Miq.	in	South-east	Asia,	and	Pelli­
ciera	in	Central	and	South	America.	Features	which	specifically	
distinguish Pelliciera include raphides in the parenchymatous 
tissue, pronounced decurrent leaf bases, plus an annular struc-
ture	in	the	vascular	strands	of	the	petioles	(e.g.,	Kobuski	1951).	 
Overall,	Pelliciera is distinguished by its spirally arranged leaves 
with asymmetrical bases and short stalks, long pointed terminal 
buds, regularly pentamerous flowers enclosed by a pair of large 
foliaceous	bracteoles	emergent	from	the	axils	of	leaves.	The	 






parts based on two contemporary collections: 
	 1	 the	type	from	south-western	Pacific	Colombia	(Triana & 
Planchon s.n.	(P	&	COL)	collected in	1852	–	having	white	
flower	parts	and	five	locules);	and	
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Abstract   Pelliciera	is	a	genus	of	mangrove	trees	with	distinct	showy	flowers	with	five	petals	subtended	by	two	
large	foliaceous	bracts.	The	genus,	thought	to	be	monotypic,	only	containing	P. rhizophorae,	was	classified	recently	
in the small diverse family, the Tetrameristaceae.	This	distinctive	genus	occurs	in	a	relatively	restricted	distribution	
in	Central	and	northern	South	America	in	the	Atlantic-East	Pacific	region.	In	this	recent	decade,	two	varietal	forms	
have been reported across its range, of which one appears to be a colour morph referred to much earlier as P. rhizo­
phorae	var.	benthamii.	The	taxonomic	status	of	the	earlier	morph	was,	however,	insufficient	to	warrant	individual	
recognition	at	the	time,	so	the	genus	remained	monotypic	with	no	varietal	forms.	The	aim	of	this	treatment	has	been	
to review the systematic history of the genus, to thoroughly re-assess available observations and to re-evaluate 
the	current	taxonomic	status.	In	conclusion,	the	genus	is	recognised	now	as	having	two	closely	related	species,	
described here as P. benthamii along	with	a	redefined	P. rhizophorae.	Characters	such	as	leafy	bract	colour,	leaf	
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to re-evaluate prior botanical descriptions and to summarise 
recent observations in view of further evidence presented with 
this	treatment.	Based	on	all	findings,	a	revision	of	the	taxonomic	
status is provided for Pelliciera with the conclusion that there 
are two species, P. rhizophorae and P. benthamii	 stat.	 nov.	
Both are described along with assessments of distinguishing 
characters	identified	in	various	studies	of	morphology,	genetics,	




Location	records	of	Pelliciera were listed for 65 sites where the 
genus	was	sampled	or	confirmed	to	occur	in	recent	decades	
(Appendix	 1).	These	 records	 cover	 the	 known	 range	along	
both	Pacific	 and	Atlantic	 coasts	 bordering	 the	Atlantic-East	
Pacific	region.	The	15	additional	sites	reported	with	the	current	















various aspects of this study, including morphological descrip-
tions, numerical analyses, floral and vegetative phenologies, 
pollen	 studies	and	analyses	of	 nectar	 from	sepal	 nectaries.	
Morphological measurements and descriptive features of vege- 
tative	and	reproductive	components	were	used	to	assign	taxon	
groupings, and compared with prior published accounts of intra-
specific	variants	(Castillo-Cárdenas	et	al.	2015a–c). 
Morphological attributes
The	measurement	 and	 scoring	 of	morphological	 character	




comprehensive selection of measured attributes was compiled 








A	 comparative	 classificatory	 evaluation	was	 undertaken	 to	
show patterns in morphological relationships of foliage and 
floral	 attributes	 amongst	 specimens	 collected	 for	 this	 study.	
In	this	assessment,	11	multistate	and	numerical	attributes	of	
leaves and mature open flowers were used since no consistent 




and	 ‘Variant	B’	 (Castillo-Cárdenas	et	 al.	 2015b)	using	aver-
aged	values	for	6	of	the	11	attributes	given	(=	leaf	width;	single	
bract	 colour;	 foliaceous	 bract	width	 and	 colour;	 petal	width	















Map 1			Distribution	of	two	Pelliciera species, P. benthamii	()	and	P. rhizo­













differences	amongst	13	individual	trees	of	Pelliciera plants also 
assessed	 in	morphometric	 assessments.	This	 assessment	 
specifically	focused	on	the	sympatric	populations	at	the	Pacific	
entrance	to	 the	Panama	Canal	 (Appendix	1,	Map	1).	Pollen	
taken from flowers were cleaned using a conservative and stan-
dardised	processing	treatment	leaving	the	exine	intact	(Erdtman	
1969).	In	all	cases,	sufficient	quantities	of	pollen	were	obtained	











three	broad	 categories	 being	 ‘smooth’	=	punctuate	 (Fig.	 3j),	 
‘rough’	=	perforate	 to	 verrucose	 (Fig.	 4i,	 upper	 grain)	 and	
‘between’	=	finely	 perforate-verrucose	 (Fig.	 4i,	 lower	 grain).	
Numbers	of	grains	with	the	respective	exine	characters	were	
counted and used to determine the relative amounts of each 
grain	type.	Their	viable	state	was	also	classified	where	grains	
were	either	‘full’	or	‘collapsed’.	
Sepal nectary sugar content
The	sugary	solution	from	sepal	nectaries	of	open	flowers	was	











Based on diagnostic characters and morphometric assess-
ments	(Appendix	2),	two	species	of	Pelliciera were recognised 
in	 the	mangrove	 forests	 of	 the	Atlantic-East	Pacific	 region,	
P. rhizophorae and P. benthamii.	These	taxa	are	described	in	
this	treatment.	The	floral	diagrams	for	these	species	were	the	
same – having flowers subtended by a single leaf-like bract, 
two	(paired)	foliaceous	bracteoles,	five	distinct	petals	and	five	
distinct	sepals.	Species	were	distinguished	by	characters	of	
the leaves, bracts and petals, including their length, width, 
colour, shape, and presence or absence of dentition on margins 
Fig. 1			Diagnostic	characters	for	Pelliciera rhizophorae and P. benthamii.	Occasional	intermediate	individuals,	occurring	in	sympatric	populations,	have	differing	
attribute	combinations.	Measures	of	length	(L)	and	width	(W)	used	are	derived	from	fresh	collection	data	means.










The	 cluster	 dendrogram	 (Fig.	 2a)	 showed	 species	 entities	 
grouped according to a priori	classification,	with	a	close	group-









ant	A’	 (✩)	was	central	within	 the	grouping	of	P. rhizophorae 
individuals,	‘Variant	B’	(),	was	positioned	outside	the	tightly	
grouped P. benthamii individuals, and nearer to the three in-
termediates.	One	likely	explanation	is	that	intermediates	were	
included along with P. benthamii	individuals	into	the	‘Variant	B’	
grouping	of	Castillo-Cárdenas	et	al.	(2015b).	This	is	consist-







that either grouped with P. rhizophorae or P. benthamii	(Table	1).	
The	collapsed	condition	of	pollen	grains	was	considered	indica-
tive of intermediate individuals being less viable and infertile 
and	likely	to	be	of	hybrid	origin.	A	similar	pollen	condition	was	
observed in hybrids in other mangrove genera, like Sonneratia 
L.f. (Duke	&	Jackes	1987),	Rhizophora	L.	 (Duke	2010)	and	
possibly Bruguiera	Lam.	(Duke	&	Ge	2011).	This	was	taken	as	
evidence of limited reproductive isolation and reduced genetic 
compatibility	between	parent	taxa.	However,	unlike	Sonnera­
tia, Rhizophora and Bruguiera hybrids, Pelliciera hybrids did 
not appear to have a consistent or morphologically distinct 
intermediate	form.	This	was	thought	to	be	indicative	of	greater	
genetic closeness between these two species – where sibling 
species give rise to intermediate individuals – more like the 











P. benthamii and intermediates, thus neither of the three pollen 
types	was	exclusive	to	any	taxon.	However,	‘rough’	grains	were	
mostly present in P. rhizophorae	 (~	23	%),	 a	 lesser	 amount	
(~	1	%)	 in	 the	 intermediate	 taxa,	 and	none	 in	P. benthamii.	
Pelliciera rhizophorae	 individuals	had	the	full	 range	of	exine	




Pelliciera rhizophorae was the most widespread of the two 





were notably sympatric in at least four estuarine locations, 
including	Rio	Caimito,	 the	Pacific	 entrance	 to	 the	Panama	
Canal	(Rio	Grande),	Rio	Maje,	and	the	Golfo	de	San	Miguel	in	
the	Darien	region.	In	sites	of	co-occurrence,	there	was	often	
ecological separation with P. benthamii individuals growing as 
undercanopy to taller P. rhizophorae	individuals.	Furthermore,	
there was also a tendency for P. rhizophorae stands to occur 
towards the estuary mouth, while P. benthamii	extended	further	
upstream.	While	this	trait	was	not	entirely	consistent	in	other	
sites,	 the	overall	upriver	pattern	 is	exemplified	 in	the	Darien	





















ous circular leaf scars and stubs of stalks of fallen fruits at 
intervals.	Bark	dark,	roughly	fissured,	grey;	stem	slender.	Trunk 
buttressed at base, swollen, markedly fluted below, ridges 
each originating as an acropetally developed series of short 
aerial	roots;	roots	at	stem	base,	no	pneumatophores.	Foliage 
comprised of 7–11 leaves arranged spirally in a rosette around 
the	 apical	 shoot,	 phyllotaxis	 regular,	 2/5.	Stipules and bud 
scales	absent. Leaves	subsessile;	blades	asymmetric,	oblong-
lanceolate, broadest at the middle, glabrous, leathery to coria-
ceous, base abruptly narrowed to the insertion with 2 glands, 
occasionally	one	(extrafloral	nectary),	margins	initially	with	a	
series of prominent but ephemeral glandular-denticulate glands 
(presumed	salt	glands),	apex	bluntly	rounded,	surfaces	dark	
glossy	green;	young	leaves	 involute	 in	bud.	Flowers herma-
phroditic,	axillary,	up	to	14	cm	wide	at	anthesis;	lower	single	
bract broadly oblong, green, with or without 2 glands towards 
base	of	pedicel;	bracteoles	2,	opposite,	 foliaceous,	 involute,	
white	 or	 reddish,	without	 basal	 glands;	 sepals	 5,	 imbricate,	
unequal,	free,	caducous,	mostly	whitish;	petals	5,	free,	entire,	





narrow,	 projected	 into	 an	 apical	mucro;	 pistil	 long-conical,	
almost	equally	divided	into	a	ridged	ovary	and	a	smooth	style,	
the ovary imperfectly 2-celled, occasionally 1-celled by abortion, 
with	a	single	large,	campylotropous	ovule	in	each	cell;	stigma	
punctiform.	Fruits coriaceous capsules, napiform in lateral 
outline, irregularly longitudinally furrowed, apically tapering to 
a point with the persistent style remnant as a woody but brittle 
beak,	at	first	green	but	(with	maturity)	becoming	reddish	brown	
with	resinous	pustules,	inner	layer	spongy.	Seeds consisting 
solely	 of	 two	 large	 cotyledons;	 endosperm	 lacking;	 radicle	
pointed;	plumule	hooked,	long,	slender,	reddish;	germination	










often present	 . . . . . . . . . . . . . . . . . . . . . . . 1.	P. benthamii
1.	 Foliaceous	paired	bracteoles	more	than	35	mm	wide,	whitish	
pale	green,	wide-side	dentition	absent.	Petals	mostly	white,	
rarely	 pink	 tinged,	 to	 14	mm	wide,	 oblong	 to	 lanceolate.	
Leaf	blades	more	than	34	mm	wide,	narrow-side	dentition	
absent	 . . . . . . . . . . . . . . . . . . . . . . . . . . 	2.	P. rhizophorae









 Etymology.	The	epithet	 ‘benthamii ’	honours	 the	19th	century	botanist	
George	Bentham.	
Trees,	to	5	m	high.	Foliage	comprised	of	9–11	leaves,	apical	
shoots	 6.4–9.8	 cm	 long.	Leaves	 9.5–12.2	 by	 2.8–3.2	 cm,	
3.4–4	times	longer	than	wide,	widest	5.0–6.4	cm	from	base,	





















longer	 than	wide,	 individually	 c.	1.6	 cm	wide,	 plumule	 base	
c.	0.7	cm	wide,	stem	base	c.	0.6	cm	wide.




	 Habitat	&	Ecology	—	Pelliciera benthamii often grows in 
closed canopy stands, or as undercanopy in forests domi-
nated by other species like Rhizophora racemosa	G.Mey.	and	 
  P. rhizophorae Intermediates	 P. benthamii
Pollen	 State	 N	=	5	 N	=	3	 N	=	5
Character 
Exine	 Rough	 22.9	±	10.8	 1.0	±	1.0	 0.0	±	0.0
	 Between	 53.2	±	12.5	 76.2	±	23.8	 15.8	±	9.0
	 Smooth	 23.9	±	14.5	 22.9	±	22.9	 84.2	±	9.0
Viability	 Normal	 84.4	±	5.3	 28.4	±	19.9	 86.6	±	5.0
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P. rhizo phorae.	 It	occurs	mostly	 in	estuarine	 locations	within	 
larger	freshwater	dominated	tidal	systems.	Plants	are	evergreen	









appeared to support ants and other insects, as well as hum-
mingbirds	(Von	Prahl	1987,	Gutiérrez	et	al.	1989).	
	 Conservation	status	—	Populations	of	P. benthamii are often 









 Additional specimens examined.	Colombia, Atlantic coast, near Cartegena, 
N10°08'	W75°35',	6	Aug.	1985,	Zarucchi JL 3971	(MO,	PMA);	Atlantic	coast,	
Bolivar,	Isla	Baru,	N10°08'	W75°42',	6	Aug.	1985,	Zarucchi & Cuadros 3971 
(K,	MO).	–	Panama,	Pacific	coast,	Chame,	Chame	Point,	2014,	Ramirez & 
Castillo 100446, 99753	(PMA);	Canal	Zone,	Balboa,	Dec.	1909,	Howe n.s. 
(NY);	Canal	Zone,	Pacific	entrance	 to	 the	Canal,	east	of	Santa	Fe	east,	
16	July	1966,	Tyson, Dwyer, Blum & Duke 4678	 (K);	Canal	Zone,	Diablo	
Heights,	2014,	‘Variant	B’,	Buitrago & Castillo 109428, 99839	(PMA).
2. Pelliciera rhizophorae	Planch.	&	Triana	—	Fig.	1,	4;	Map	1	
Pelliciera rhizophorae	Planch.	&	Triana	(‘Pelliceria’)	in	Triana	&	Planch.	(1862)	
381,	p.p.;	Hemsl.	 (1879)	97,	 t.	8,	p.p.;	Kobuski	 (1951)	256,	p.p.;	Toml.	
(1974)	293;	Von	Prahl	(1987)	118,	p.p.;	Castillo-Cárdenas	et	al.	(2015b)	
503,	 t.	2,	 ‘Variant	A’.	—	Type:	Triana & Planchon s.n.	 (holo	P!;	 iso	COL	
16552),	Columbia,	Pacific	coast,	Dept.	del	Valle,	Port	of	Buenaventura	Bay.
 Etymology.	The	epithet	‘rhizophorae’	refers	to	similarities	in	root	structures	
with the family Rhizophoraceae.	




dentate with glands on the wider margin, 12–15 per 20 mm in 
central part of blade, often shed with age, distance of furthest 
gland	 from	 leaf	base	0.8–1	cm	(Fig.	1).	Bract	10.4–12.7	by	
3.1–3.8	cm,	3–3.4	times	longer	than	wide,	widest	1.8–3	cm	
from base, narrow-side dentition absent, wide-side dentition 
present,	length	of	non-dentate	portion	1.7–1.9	cm,	teeth	c.	14	
per	2	cm	(Fig.	1);	bracteoles	foliaceous,	8.7–8.9	by	3.6–4.5	
cm,	2–2.5	 times	 longer	 than	wide,	widest	3.6–4.2	cm	 from	
base, narrow-side and wide-side dentition absent, whitish 
green.	Flowers:	sepals	2–2.4	by	1.6–1.9	cm,	1.1–1.4	 times	
longer	than	wide,	glands	196–400,	gland-free	margin	at	apex	
5.3–7.3	mm	wide,	 gland-free	margin	 at	 sides	 2.8–4.3	mm	
long	(Fig.	1);	petals	oblong	to	lanceolate,	6.9–7.3	by	1.2–1.4	
cm,	4.9–6.1	times	longer	than	wide,	widest	1.2–1.7	cm	from	









	 Distribution	—	Pelliciera rhizophorae has a limited distribu-










	 Habitat	&	Ecology	—	Pelliciera rhizophorae occurs often as 
closed canopy stands at low to mid-intertidal positions of down- 
stream to intermediate estuarine locations within larger fresh-











	 Conservation	 status	—	Populations	of	P. rhizophorae are 








status for P. rhizophorae needs to be revised from Vulnerable 
under criterion B	(see http://www.iucnredlist.org/)	to	a	higher	
threatened	level,	in	consideration	of	this	revision.




Castaneda 5298	 (COL	65857,	65858).	–	Costa Rica,	Pacific	coast,	Punta	
Mala,	Mar.	1892,	Tonduz 6723	(US).	–	EcuadoR,	Prov.	Esmeraldas,	Borbon	
on	Rio	Santiago,	May	1943,	Little 6423	 (US).	–	HonduRas, Atlantic coast, 
Gracias	a	Dios,	Barra	de	Karataska,	June	2014,	Helder Perez 129217	(EAP).	
– Panama,	Pacific	coast,	Prov.	Bocas	del	Toro,	Mouth	of	Cricamola	river,	2014,	
‘Variant	A’,	Ramirez & Buitrago n.s.	(PMA).
DISCUSSION
Based on the evidence presented, two species of Pelliciera 




the intermediates lacked distinctive morphological features 
and they appeared to have reduced fertility, unlike the newly 
recognised	species.	







(e.g.,	Graham	1977)	 compared	 to	 less	 than	 30	%	 in	 either	 
parent	species	(Fig.	2;	Table	1).	These	hybrid	intermediates	are	
consistent	with	hybrids	in	other	mangrove	species	(Duke	2017).	
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The	distribution	of	each	species	of	Pelliciera is notably dis-
junct	on	either	side	of	the	Central	America	Isthmus.	There	is	
no	explanation	 for	 these	odd	distributional	patterns,	but	 it	 is	
likely	 they	are	 the	consequence	of	 range	contraction	during	
the	 formation	of	 the	Central	American	 Isthmus.	To	assist	 in	
explaining	 these	patterns	 further,	however,	 it	 is	 important	 to	
emphasis	the	outcomes	from	these	latest	findings.	The	newly	
defined	distributions	overlap	on	the	Pacific	coast	of	Panama,	









grains, while P. benthamii	had	mostly	‘smooth’	grains.	Further	
study	 is	 needed	 to	 fully	 quantify	 these	differences	 in	 pollen	
grains,	but	these	findings	provide	a	basis	for	a	greater	knowl-
edge of suspect Pelliciera	 fossil	 pollen	 occurrences.	Such	
detailed assessments are highly relevant because of reported 
inconsistencies	 in	 prior	 palynological	 studies.	According	 to	
Fuchs	 (1970),	 the	 identification	 of	 some	Pelliciera fossil re-
cords	need	 to	 be	 re-checked	because,	 as	 in	 one	example,	
fossil pollen grains of Pelliciera were very much like those of 
Hura	L.	(Euphorbiaceae)	–	an	upland,	non-mangrove	species.	
While	 these	 genera	 have	 similar	 shaped	 pollen,	 the	 grains	
were	distinguished	more	by	their	size	with	smaller	grains	be-
ing those of Hura,	40–50	μm	diam,	and	slightly	larger	grains	
in Pelli ciera,	around	60	μm.	This	small	size	difference	matters	
greatly.	Consider	the	study	by	Graham	(1977),	where	there	was	
an	observation	about	 the	size	of	so-named	Pelliciera pollen 
records	 from	the	Caribbean	region.	 In	 this	case,	 those	 from	
Jamaica	and	Puerto	Rico,	were	noticeably	smaller	(like	Hura)	
compared	to	other	locations.	If	so,	an	alternate	conclusion	might	
be that Pelliciera was instead absent from these islands at the 
time.	This	 determination	would	have	 significant	 implications	
for	the	reconstruction	of	ancestral	dispersal	pathways.	And,	it	
would	also	have	negated	the	authors	need	to	explain	why	other	
mangrove inhabitors, like Rhizophora,	were	absent.	
In	conclusion,	while	there	remain	notable	knowledge	gaps	and	 
uncertainties	 regards	both	extant	 and	 fossil	 distributions	 for	
Pelliciera,	there	are	a	number	of	significant	outcomes	from	this	
treatment.	These	include	the	recognition	of	two	species,	along	




show the conservation status of the two Pelli ciera species as 
considerably more vulnerable than previously recorded by the 
IUCN	Global	Red	List	rankings.	In	fact,	the	status	of	Vulnerable	
under criterion B	(see http://www.iucnredlist.org/)	was	based	
on	the	combination	of	the	two	species.	With	these	now	sepa-
rated,	the	status	of	the	two	species	must	be	significantly	more	
threatened – especially for the more restricted P. benthamii.	
Meanwhile, both species are considered highly vulnerable 
and seriously threatened by ever-increasing pressures from 
development	and	global	climate	change	(e.g.,	Blanco-Libreros	
et	al.	2015).	
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better understanding of this unusual mangrove, Pelliciera.	
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   Sites Bocas	 Bocas	 Diablo	 Diablo	 Diablo	 Diablo
   Species code PR	 PR	 BR	 PB	 PB	 PB
   Specimen	#	 #4147	 #4131	 #4145	 #4144	 #4143	 #4142
 # Component Attribute
 1 Foliage Leaf	blade	length	(mm)	 124	 127	 117	 122	 117.8	 95
 2  Leaf blade width (mm) 35 37 35 32 29.4 28.2
	 3	  Ratio	leaf	length	/	width		 3.54	 3.43	 3.34	 3.81	 4.01	 3.37
	 4	  Leaf	length	from	widest	width	to	base	(mm)	 64	 67	 63	 64	 64.2	 50.4
 5  Ratio	–	leaf	length	/	widest	width	to	base	 1.94	 1.90	 1.86	 1.91	 1.83	 1.88
 6  Leaf wide-side width (mm) 20.2 – 21 19 17.3 16.6
 7  Ratio	–	leaf	length	/	w-side	width		 6.14	 –	 5.57	 6.42	 6.81	 5.72
	 8	  Leaves	per	leafy	shoot	(count)	 7	 8	 10	 9	 11	 9.5
	 9	  Apical	shoot	length	(mm)	 97	 118	 85	 98	 80	 64
 10  Leaf	dentition	length	per	20	mm	 15	 12.8	 14.2	 15	 13.4	 14
 11  Leaf narrow-side dentition (multi-state) 2 2 2 1 1 1
 12  Leaf	wide-side	dentition	(multi-state)	 1	 1	 1	 1	 1	 1
	13	  Gland	furthest	from	leaf	base	(mm)	 9.7	 –	 8.1	 8.9	 11	 9.6
	14	  Gland	number	at	leaf	base	 2	 –	 1.8	 2	 2	 2
 15 Single bract  Length (mm) 127 113 104 91 91.5 82
 16  Width (mm) 37 38 31 30 28.8 30
 17  Ratio	-	length	/	width		 3.43	 2.97	 3.35	 3.03	 3.18	 2.73
	18	  Length	from	widest	width	to	base	(mm)	 17.8	 –	 30	 28	 39	 28
 19  Ratio - length / widest width to base 7.13 – 3.47 3.25 2.35 2.93
 20  Wide-side width (mm) 18.6 – 17.3 16.4 16.8 16.5
 21  Dentition	length	per	20	mm	 –	 14	 13	 12	 22	 –
 22  Narrow-side dentition (multi-state) 0 0 0 1 1 1
	23	 	 Wide-side	dentition	(multi-state)	 1	 1	 1	 1	 1	 1
	24	  Gland	furthest	from	base	(mm)	 0	 –	 – 4.8	 8.2	 0
 25  Gland	number	at	base	 0	 –	 2	 2	 1	 0
 26  Colour	(multi-state)	 1	 1	 1	 1	 1	 1
 27 Foliaceous bracts Length	(mm)	 88.4	 89	 87.6	 86	 89	 72.5
 28  Width (mm) 45.2 36 38.3 30 29 25.2
 29  Ratio - length / width  1.96 2.47 2.29 2.87 3.07 2.88
	30	  Length	from	widest	width	to	base	(mm)	 35.8	 –	 42.3	 41	 44	 43.4
	31	  Ratio	-	length	/	widest	width	to	base	 2.47	 –	 2.07	 2.10	 2.02	 1.67
	32	  Length	of	absent	dentition	(mm)	 0	 0	 0	 19	 –	 –
	33	  Narrow-side	dentition	(multi-state)	 1	 1	 1	 1	 1	 1
 34  Wide-side dentition (multi-state) 1 1 1 2 2 2
	35	  Dentition	length	per	20	mm	 0	 0	 0	 13	 9	 0
	36	  Gland	furthest	from	base	(mm)	 0	 –	 0	 0	 0	 0
	37	  Gland	number	at	base	 0	 –	 0	 0	 0	 0
 38  Colour (multi-state) 1 1 1 2 1 2
	39	 Sepal Length	(mm)	 20.3	 22.9	 23.9	 21.8	 21.1	 17.1
	40	  Width	(mm)	 18.9	 16.1	 16.8	 15.3	 16.7	 12.9
	41	  Ratio	-	length	/	width		 1.07	 1.42	 1.42	 1.42	 1.26	 1.33
 42  Area (mm2) 383.67 368.69 401.52 333.54 352.37 220.59
	43	  Gland	numbers		 196	 285	 400	 250	 280	 99
	44	  Gland	density	(count/mm2)	 0.51	 0.77	 1.00	 0.75	 0.79	 0.45
	45	  Margin	of	no	glands,	distal	(mm)	 5.3	 –	 7.3	 5.7	 7.7	 5.6
	46	  Margin	of	no	glands,	sides	(mm)	 3.7	 4.3	 2.8	 3.1	 2.9	 2.9
	47	  Colour	(multi-state)	 1	 1	 1	 1	 1	 1
	48	 Petal Length	(mm)	 69.7	 69	 72.5	 69	 74.4	 63
 49  Width (mm) 13.4 14 11.9 15.3 14.3 16.4
 50  Ratio	-	length	/	width		 5.20	 4.93	 6.09	 4.51	 5.20	 3.84
 51  Length	from	widest	width	to	base	(mm)	 17.1	 –	 11.9	 9.3	 13.1	 11
 52  Ratio	-	length	/	widest	width	to	base	 4.08	 –	 6.09	 7.42	 5.68	 5.73
 53  Colour (multi-state) 1 1 1 2 2 2
 54  Form (multi-state) 1 1.5 2 2 2 2
 55 Stigma Distal	length	(mm)	 28.2	 34	 37.5	 32.8	 34	 31.5
 56  Distal	width	(mm)	 2.4	 –	 2.8	 2.8	 2.7	 2.6
 57  Distal	cross-section	(multi-state)	 1	 1	 1	 1	 1	 1
	58	  Distal	colour	(multi-state)	 1	 1	 1	 1	 1	 2
	59	  Distal	form	(multi-state)	 1	 1	 1	 1	 1	 1
 60  Basal	length	(mm)	 40.8	 39	 29.8	 32.3	 40.5	 27.5
 61  Basal	width	(mm)	 4.7	 6.6	 4.9	 5.2	 5	 5.2
 62  Basal	cross-section	(multi-state)	 1	 1	 1	 1	 1	 1
	63	  Basal	colour	(multi-state)	 1	 1	 1	 1	 1	 1
	64	  Basal	form	(multi-state)	 1	 1	 1	 1	 1	 1
 65  Pistol	total	length	(mm)	 69	 73	 67.3	 65.1	 74.5	 59
 66 Anther Total	length	(mm)	 24.5	 39	 34.2	 32.8	 30	 26.3
Appendix 2			Data	compilation	of	6	specimens	scored	for	79	measured	and	multistate	morphological	attributes	of	Pelliciera specimens to establish the di-
agnostic	characters.	Species	codes:	PR	=	P. rhizophorae and PB	= P. benthamii.	Locations	include:	‘Bocas’	=	Bocas	del	Toro,	north	west	Panama,	Atlantic	
coast;	‘Diablo’	=	central	Panama,	Pacific	coast	(see	Map	1).	Specimen	codes	are	those	used	in	Fig.	2	and	Appendix	3.	Attributes	(16)	defining	the	two	species	
are marked in bold.	‘Dentition’	refers	to	the	series	of	teeth-like	glands	along	edges	of	leaves	and	bracts	(Fig.	1,	3–4)	–	these	fall	off	with	age	and	handling.	
Multistate	attributes	and	conditions	are	listed	in	the	notes.
119N.C.	Duke:	Revision	of	Pelliciera
 67 Mature fruit Length	(mm)	 105	 123	 –	 – – 92.5
	68	  Mid	width	(mm)	 72	 85	 –	 – – 54.5
	69	  Ratio	-	length	/	width		 1.46	 1.45	 –	 – – 1.70
 70  Thickness	(mm)	 42.5	 47	 –	 – – 39.8
 71  Distal	width	(mm)	 20.4	 –	 – – – 14.6
 72 Pericarp Thickness	(mm)	 6.9	 7	 –	 – – 6
	73	 Cotyledon Length	(mm)	 83	 77	 –	 – – 54.9
	74	  Mid	width	(mm)	 66.3	 74	 –	 – – 46.5
 75  Ratio	-	length	/	width		 1.25	 1.04	 –	 – – 1.18
 76  Thickness	(mm)	 29.2	 –	 – – – 30
 77  Single	lobe	thickness	(mm)	 15	 17.2	 –	 – – 16.2
	78	  Plumule	width	(mm)	 10	 10.5	 –	 – – 7.4
	79	  Stem	width	(mm)	 6.1	 7.1	 –	 – – 5.6
Notes	—	multistate	attribute	conditions
Code	#	 Components	 Attribute	 1	 2	 3	 4
	 11	 Leaves Narrow-side dentition  Absent Present – –
 12  Wide-side	dentition		 Absent	 Present	 – –
 22 Single bracts Narrow-side dentition Absent Present – –
	 23	  Wide-side	dentition		 Absent	 Present	 – –
 26  Colour	 Green	 Non-green	 – –
	 33	 Foliaceous	bracts Narrow-side dentition Absent Present – –
	 34	  Wide-side	dentition	 Absent	 Present	 – –
	 38	  Colour	 Pale	green	 Pale	green-pink	 Pink	 Red
	 47	 Sepals Colour	 White	 Other	 – –
	 53	 Petals Colour	 White	 White-pink	 Pink	 –
	 54	  Form	 Oblong	 Oblong-lanceolate	 Lanceolate	 –
 57 Stigma Distal	cross-section	 Terete	 Other	 – –
	 58	  Distal	colour	 Pale	green	 Pink	 Other	 –
	 59	  Distal	form	 Smooth	 Other	 – –
 62  Basal	cross-section	 Grooves	 Other	 – –
	 63	  Basal	colour	 Pale	green	 Other	 – –
	 64	  Basal	form	 Ribbed	 Other	 – –
   Sites Bocas	 Bocas	 Diablo	 Diablo	 Diablo	 Diablo
   Species code PR	 PR	 BR	 PB	 PB	 PB
   Specimen	#	 #4147	 #4131	 #4145	 #4144	 #4143	 #4142
 # Component Attribute
Appendix 2			(cont.)
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Appendix 3b			Attribute	multistate	conditions	for	11	attributes	compiled	in	Appendix	3a,	and	listed	in	Appendix	2.
Attribute	 Attribute	 1	 2	 3	 4
38	 Foliaceous	bracts	 Colour	 Pale	green	 Pale	green-pink	 Pink	 Red
28	 	 Width	 >	35	mm	 ~	35	mm	 <	35	mm	 –
34	 	 Wide-side	dentition	 Absent	 Present	 – –
53	 Petals	 Colour	 White	 White-pink	 Pink	 –
54	 	 Form	 Oblong	 Oblong-lanceolate	 Lanceolate	 –
49	 	 Width	 <	14	cm	 ~	14	cm	 >	14	cm	 –
		2	 Leaves	 Width	 >	34	cm	 ~	34	cm	 <	34	cm	 –
11  Narrow-side dentition Absent Present – –
26	 Single	bracts	 Colour	 Green	 Non-green	 – –
16	 	 Width	 >	31	cm	 ~	31	cm	 <	31	cm	 –
22  Narrow-side dentition Absent Present – –
Attribute states
Appendix 3a			Data	matrix	of	25	specimens	scored	for	11	diagnostic	attributes	of	Pelliciera	specimens	used	in	the	multivariate	ordination	in	Fig.	2.	See	Ap-
pendix	2	for	attribute	codes	and	measures.	Species	codes:	PR	=	P. rhizophorae;	PB	= P. benthamii;	PX	=	intermediate	individuals.	Note	PB?	represents	an	
unmatched entity of P. benthamii, see	text.	Locations	include:	‘Bocas’	=	Bocas	del	Toro,	north	west	Panama,	Atlantic	coast;	‘Diablo’	=	central	Panama,	Pacific	
coast.	‘VAR	A’	&	‘VAR	B’	are	two	variants	scored	here	for	comparison	from	averaged	data	reported	by	Castillo-Cárdenas	et	al.	(2015b).	Attribute	condition	
states	are	listed	in	Appendix	3b.	Specimens	and	data	in	bold	are	those	also	listed	in	Appendix	2.	
Spp/Loc’n	 Sample	#	 38	 28	 34	 53	 54	 49	 2	 11	 26	 16	 22
PR/Bocas	 1022	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1
PR/Bocas	 102R3	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1
PR/Bocas	 1027	 1	 1	 1	 1	 2	 1	 1	 1	 1	 1	 1
PR/Bocas	 1030	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1
PR/Bocas	 1031	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1	 1
PR/Bocas 4131 1 1 1 1 2 1 1 1 1 1 1
PB/Diablo 4142 4 3 2 3 3 3 3 2 1 3 2
PB/Diablo 4143 2 3 2 3 3 3 3 2 1 3 2
PB/Diablo 4144 4 3 2 3 3 3 3 2 1 3 2
PR/Diablo 4145 1 1 2 1 2 1 2 1 1 1 1
PR/Diablo 4147 1 1 1 1 1 1 1 1 1 1 1
PB/Diablo	 4149	 4	 3	 2	 3	 3	 3	 3	 2	 1	 3	 2
PR/Diablo	 4150	 2	 1	 2	 1	 3	 3	 1	 1	 1	 1	 1
PB/Diablo	 4151	 4	 3	 2	 3	 3	 3	 3	 2	 1	 3	 2
PR/Diablo	 4152	 1	 1	 1	 1	 2	 2	 1	 1	 1	 1	 2
PR/Diablo	 4153	 1	 1	 1	 1	 2	 2	 2	 1	 1	 1	 1
PR/Diablo	 4154	 1	 1	 1	 1	 2	 1	 1	 2	 1	 1	 1
PX/Diablo	 4155	 3	 3	 2	 3	 2	 2	 3	 1	 1	 1	 2
PX/Diablo	 4156	 4	 3	 2	 1	 2	 3	 3	 1	 1	 1	 1
PX/Diablo	 4157	 3	 3	 2	 3	 2	 2	 3	 1	 1	 1	 2
PB/Diablo	 4158	 3	 3	 2	 3	 3	 3	 3	 2	 1	 3	 2
PB/Diablo	 4160	 4	 3	 2	 3	 3	 2	 3	 2	 1	 3	 2
PR/Diablo	 4161	 1	 2	 1	 1	 2	 2	 2	 1	 1	 1	 1
PR/mean*	 VAR	A	 1	 1	 –	 1	 –	 1	 1	 –	 1	 –	 –
PB?/mean*	 VAR	B																					3.5	 3	 –	 2	 –	 1	 3	 –	 1	 –	 –
Diagnostic	attributes
